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ABSTRACT . .

o ) Many consider the use of adjunct questions
(mathemagenics) to be a means By which the instructional value of-a
text tan be increased with relatively little difficulty, and this
explains the appeal they have generated over the years. Yet this
appeal 'is seldom tempered by a consideration of the ecological
validity of the experimental studies on which the theoretical
foundation of mathemagenics is based. The issue is.whether the

R research evidence for enhanced learning -that is obtained in
controlled studies can be extrapolated to practical instructional
settings. It is mainly the effects of postquestions that create the
most interest, formit is they which enhance bboth relevant

*  (question-related) learning and incidental (unrelated) learning, as
seen op a posttest. In experimental studies, the students cannot turn
back to” seek out or check the answer :to the question they have just
.encountered. Their only option is mertal review, which is a far - o:
‘different situation than the one encountered in practical settings
where students study freely with their’textbooks. Experimental .o
constraints also encourage students to proce$s the text in ways that
are an exaggeration of their natural techniques. Thus, both mental
review and the general stimulatory effect of postquestions are

, confounded by procedural tactics. The ‘procedural paradigm currently

| employed in mithemagenic .research will not provide useful and
practical results. That postquestions do. enhance learning in real
study settings isygene%ally,recggnized. However, how they do it and
how questions can be best used remains to be established. (noqp
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] Adjunct Questions Effects ‘ ) \

and Experimental Constraints

-

-

. I:
. Narrow theories that deal only with artificially

‘limited data sets are of no interest, however _ ¥
. N N N .
. : .+ parsimonious fhey may be& if it aan be showm oo

e . - o
b N . '
.that they are insufficient to deal with the .

- \

é. . . .
geperal problem. ¢

* - Kintsch (1974, p. 201) ' . \

'

“Ever since Rothkopf"§timulated interest in the possibility ot enhancing

prose materials through the. use of adjunct questions (Rothkopf, 1965), “the ‘

i’

research in this partvcula; area of |nstruct|onal psychology has grown phen-

omenally Interest in the field of educatlon seems ‘high, as eV|denced by the-

growing number of reviews éevoted to th|s topic in the literature. , Mathemagenics - oot

' ‘. »
furthermore, are enterlng the educatlonal psychology textbooks, at, least in L Y

theory, if fot yet very.oftep in practice.! \\\ - e A

s

R Mathemagenics are usually thought of as means by which the instructionalf ST

« ¢ N
w

value of a text can_be |ncreased with reIatlver little dlfflculty and this,
Z .

.

indeed, would explain the appeal they have generated over the years. Yet this a

.

appeaI is all too seldomly tempered it would seem, by a coﬁsideration of the .
. ! .

ecologlcal'valldlty of the experlmenta1 studies on which*the theoretical founda-

. . - Q .
tion of mathemagenics is based. J - : RN

.'. . 3
- .

The issue is an |mportant one for educational practlce can the research

evndenCe for enhanced learning which is ob in d in,controlled studies be extra- ,

polated to practgcal instructional settlngs? What must be consndered is whether ' .

» &

the experlmental task constralnts emp]Lyed ih the controlled sthdles m|rror the ’

.
- -

constranntS»operatlng in real-life Settlngs It is the intent'af this paper to
& ] \ . - .

- ¢
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discuss this issue and to ardue .that a practical case for certain mathemagenic

Lal

. %,

effects remains to be made. It is not its intent, however, to offer yet another

v

‘ r * detailed review. of the literature in this area.

-

i Procedural-Constraints

-

The adjunct question paradigm is a well-established one: questions are

.

. - < )o . )
interspersed throughout a prose passage or short text in one of two positions:

. vl

either close béfore the text materia) to which they relate or shortly after that’

material. It is‘mainly the effeets of postquestions which create the most interest,

for. it is they which enhance both relevant (question-related) learning and inci=~
‘3 -t ’ . .

dental (unrelated) learning, as §8en on a posttest. What is .of concern to us.here
is the procedural paradigm which perfvades this research area.' This-is as follaows:

- . -

the students bérticipating in the study read the prose passage page by page;until

. \

P .
, they encounter ‘a” postquestion, which is placed on a separate page; after attempting

to mentally answer the question, they then proceed to a”further segmént of text

*

. ’ . .

and so on. The important procedural point which sets thesé experimental studies

»
-

apart4from their corresponding practicalﬁfontext is that physicdl review of the
e - 2 . 4 s ®

-

text is hog permitted. ~ In other words, the students cannot thrn_back to seek out

Ed

. .

or check the answer to. the question they have just gncountered. Their only option

« e . ., . )

is mental review. - . (\
N . . < N

» - s

~ Sdé%,a procedurél paradign is fine if one is interested in the effects of

> . ’ * «

ﬁéntal”reyieW, but that i3 a far different situation than the one encountered in

¢
> .

practica¥l settings, where students study freely with, their textbooks. There are,

» .

it_is true, some settings such as -in computer-managed instruction (cf. for .fnstante,

A g - ~»

e ’ . 4 b . . ~
- Anderson..et. al. 1974). where review is explicitly prevented, ‘but these are rela-
. » " - * - ’ - *
tively specialized settings, quite unrepresentative of natural study settings.®
3' . A . . - M . i .‘ @d, . -
Furthermore, “the ecology of these specialized seftinés give .theé postquestions the

\
5

Character of a quiz rather than one of a set of learning aids. ‘s

4 . -

4
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An anecdote from another area of instructional psychology illustrates how

©

task\constraints caﬁ readily influence outcomes anq modify the ecology of the,

setting. Anderson and his colleagues (cf. Anderson, 1970).ésked.Why it was
that the provision of prompts in programmed instruction sometimes hindered

. . . 4 ’ . e ‘ M
learning rather than facilitate it, as was certainly the expected outcome. *What

they found was that their particular program inadvertantly enab.ed the students

to answer the questions by directly going to the prompted infoﬁmation wi thout

fully processing the frame. It was not that their students were ‘cheating, but

. ~

rather that they were going through the text in a different way than expected.

N v S » -

They were_simply processing the text differently. A similar situation would seem

. ? LY

'tp prevail in mathemagenic research: experimental constraints encourage students
v to process the text in ways which are an exageration of th&ir qatural(ones.

~There is little empirical analyses at the appropriate level of the reading
. m . v - B
strategies adopted by students as they process a prose passage. In one of tpa
t

few such studies, Thomas and Augstein (1972) found -that effective reading strategies
. a N h » - '

‘ ~
could involve the students in frequent returns to earlier segments of text in

. - ) \

order' to‘check or complete their understanding of particular points. This is-

~ ~

4 d *

exactly the type of text proces®ing which inserted post-questions can be expected

.

to favor when encountered in natural settings.

! o~ ’ ’

To my kpowledge, relatively few researchers ‘have conducted mathemagenic
N . . N /
research where physical review of the material was permitted after the student \

. , _— :
encountered a post-question. Washburne (1929), Gustafson and Toole (1970), and
° - -4 ‘ s

Hiller (1974) have done so and their results would legd one to view the issue of

a

} . . . e d
.extrapolation to practical_settings with some diffidence. These researchers
. * -

allowéd their sybjects to adqpt a free readirig sffategy by enabling review of

L ‘g d
“ = .

prior material after encountering inserted post-questions. In all three studies,

& .

post-questions generally failed to enhance incidental learning, as they usually
[} N ; .. o

. ¢ H
— ) -
" . .

ERIC 7 S
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do with the tradnTnonal but less naturalqstlc paradigm, and in some conditions :
’ ‘l
of the Washburne and Hiller studies, |nc3dental learning was even depressed. In

. s
o . [

_ these studies then, post~questions woulg seem to have shaped a selective leafning
b .
strategy, whereby attention is focused primarily on question-related content,

sometimes to the detriment of other contént.

¢
v .

- -‘ .

Part of the problem |s that mathemagenﬂcs, as they are operatlonallzed

@

l\,‘

current research, are attractuve to resea{chers for their practlcaluty in terms

of procedural desigh. Frase has noted be%ore (1973) the force which an emerging

Ya

.methodology can have in molding a relatively ﬁew-FleId. ffhe result seems to be
o ( .

) that mathemagenics have become establisbed as a‘specializdd field of research of

° 't

intrinsic |nterest of |tself and eventually more’ and more
o

. ° ~

considerations. This refkects the fate of many iséues in t'@ history of psychology

emote from pracfical,

'3

A : L : N
and is quite understandable in terms of the traditignal trade-off of exgernal

Yo . ) . RSN T . . .
. validity for tighter experimental control (Campbell Q‘Stanle : 1963). This . .
- Y & '

unfortunately is the pricé which must often be paid |vxorder d guarantee strong

\' ) i . ’ *
internal validity. It also reflects, | would think, aitacit lief in a para-
- o \
* .

\ digmatic view of educational progress in terms of IeapSAand bo ds through which
K} [ . \ "
conclusion-oriented research, as the mathemagenic reSearch\can éertalnly be

4 \. u / 4

characterized, |nforms pragtlcal declslons in an |nd|Fect a{belt 'trong Lay
~ \ ¢
(Cronbach & Sques, 1969) howeVer, .-as the earller quotatldn’from-Klntsch would .

{ -
‘ "

. suggest, a QEVen field- of enquury cah become SO narrow as to IOSe much of .its
potentlal lmpact in terms of |ts0eventual appllcablllty to reaT*Settlngs. As

he also states, He Ianatlons are proposed for partlcular experlments, not for
P

o -
the questlog»that at one'point motivated the expirlmenxs“ (1974 paZOl) “K/
i
- . ‘ M\ ]
Mathemagenic Processing . : k .
’ M - L]
"An }nterestjng"aspect of the mathemagenic problem, if it can- be caIIed that,

.
o N .

lies in the recent shift into a cognltlve framework of explanation, anch is Y

. 'k-
evident jn educational psyéhology generally, as in more ‘fundamental verbal
e - . ' A
. . - . . R
S . : 5 : : k
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« learning psychology ps well. Iﬁdeed, the modeling of processses has become
4 ¥

- more prominent in mathemagenics as elsewhere over the years. Rickards (1979)

. . R N
has recently reviewed this area to shéw how four distinct{processes can be

A "

3 . . .t -
invoked in order to in'terpret the mathemagenic effects of postquestions. These
- - . N v . . -

. have béen demonstrated to have both a.backward effect (i.e., on what _has just

.been read, but which cannot be re-examined) and a forward effect, (i.e., on.

Y

what will be-read). Both.effects, furthermore, can either be specific in
H . ) 2 ¢ [ - -
Aature (question related) or general (unrelated to the questions).
N ! ‘ . : : -
It is the general forward effect of post-questions which had been initially

-

B

. v P

caILgd attention to by Rothkopf and which has brought about much of the subsequent
. * / B -

interest in inserted questions. An interpretation of this effect is that the

provigion of post-questions shapes the student's inspection behaviors, such

. that he or she will tend to gradually engagé in more careful inspection of

A4 . o

" ;
subsequent segments of the prose passage. This effect is borne out by the

research which has‘employed the classic procedural piradigm described earlier

(cf. the Rickards review, 1979). " It is, however, not borne out by the three

o

.

" studies mefNoned earlier which ‘have allowed review of the prior material. Fur-
‘. o . X o ' .
- thermore, an intuitive consideration of natural study settings would lead one to
believe that such~a process would not likely be very strong in sych~settings.

"The basic problem than is again the procedural one: prevention of back-tracking

- .

artificializes the student's reading strategies.

Thus, mental review and the general stimulatory \effect of post-questions
‘ hl

are both confounded by procedural tactics. It could only be difficulty argued,

however, that these two processes are merely quisrks of the procedural paradigm -
: P

’

%urrently governing’mathemagenic researth. We just do not know what importance

(or what little importance) to give to thesé processesgin practical settings.: |

’

have indicated elsewhere,(DuchasteI, 1979) thag the mathemagenic Literature can

be usefully interpretgd mainly in terms of a selective learning process, with

y k]

ERI
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relatively little importance accorded to other processes. In the‘pasg¢ we

.
- i

seem to have considered all processes as somewhat of equal importance. There

. . ) \ )
is no need to continue doing so, however, especially if we take the procedural »
»° ! . . s / .
_constraints of the field into account, s : ) .
Research.Strategigs . : s .

-, . °

The field of mathemagenlc research can be consndered frdi?dlfferent per- '

\

“*spectives. The flrst of thése could bé called the pure mathemagenlcs view, )

-

for it construes mathémageﬁics as being not directly concerned with instrugtional
J
practice, but rather with the éxploratfon of more general issues in the psychology

of learning (Frase, 1973) This may seem perfectly laudable within a given frame-

kd
work; however, it is well worth remembering that psychology itself is littered

[3
y

wi th theories-and'rgsearch on learning which prove a constant disappintment

- ¢
*

outside of academia because they either fail to mirror real life ‘settings or else

’ -

')they mirror relatively trivial ones. A psychology of the artificial is a luxury

-

which we can 6nly difficultly continue to afford. Frasé (1973) himself has hinted
- ) ° -

at the potential dangers involved with such an approach.

.
. ‘ . =

Another perspective which can be adopted "in interpreting the mathemagenic

= -
literature could be called the forced mathemagenic view. This view recognizes

.

that certain processes may perﬁBps only play a,minfméﬂ role in real settings.
’

v - . * .
Furthermore, it is precisely because of .this skate of affairs that these processes

.. x ., . o
need to be bolstered or ''forced"; otherwise, they Tmay not be amenable to investi-

gation at all. This is not all that uncommon in science. For instance, in biology,

s ‘ . [y
cells are often stained before being examined under the electron microscope;

whether this radically alters what one then sees and fhfers from the investigatidns

!
is currently a qd%stlon of debate (cf. for instance, the provocathe article by
. .- ; .
Hi l Iman and Sartory, 1977). Forcnng techniques are also, current in other areas
§

-~
S

of prose -learning (cf. for instance, Dooling & Christiaansen, 1977j’p. 7). The*

‘
»

great danger with this vikw, however, because of its subtlety esge%ially, is that

-

A

ERIC \ IR ) -
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the forcing is evenﬁuaTIy forgotten and goes unrecognized. Untempered extrapolition

A}

then becomes all too easy. :
' » S
A third perspectlve is the ecologuca]ly valid one, where experlmental con-

>

stralnts mirror as closely as possible natural text handling strategies. The
s tudy by~Gustafgon and Toole (1970) is prototypical of ‘this approach.
!* £

In sum, of the-three ways of approaching mathemagenics, the practical alger-
~ ,.' .

native has been rarely considered, while the remaining two (ghe pure and the

N ’

forced approaches) have pessibly fallen in thé trap of running away with themselves.
- . ~ ' ( v

~ Where "to from here? ) ‘ =

o S e -~

-
]

_Both Réthkobf (1973) and Frase (1973) have opened thé,diaWogue concerning

these issues and the main purpose of the present paper is to further attempt an
N . . M

) . .
open discussion of these important themes. If | am right in thinking that the

procedural paradigm currently employed in mathemagenic research will not provide

2

Us with useful and practigal results’, then it is time we reassess what we feel. about

' . - . TP . .
‘the field and broaden the scope of eur investigations to include procedures which

. s,
more directly reflect real .,learning contexts.
- -

4

~ . -
However,\one~must not be bitter about the deficiencies of the past and overlook

-~

the comtributibn which this area of research has- made to the field of instructional

psychology as a whole. Mathemagenics_research has indeed not only renewéd the
N a -
interest of educators in questlons but it has also put in more than |ts fair share

$ in assnstlng the paradlgmatlc shlft we have recently wutnessad in psychology “towards

., a cogriitive perspecrnvg of Iearnlng. .
I . . Rt ™

~

. A greater concern for what - mathemagenlcs are eSpeC|ally good at bcf. Andersbn

and Biddle, 1975) would,’ I am sure, be especially useful in the future. For |nstance,-

[y
. -

the direct effect of questions in enhancing the learning of question-related

-

N
passage content can be Substantial. Also, the process of selective learning (the
~ -~ -

focusing of learning through the provision ofs inserted questions) needs to be explored

° v - . '} [
- -~ » -

N
2 N Z
o~

. . ) J i »

\)4 e * 8
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much further to find out when and how it can be optimized, especially ih ‘relation

to complex high-level types of learning. Fjnally inter€st in the related area .’

' ° — ( » N Y
. JF posttesting effects (obtained through the prowvision of quizzes administered

)

after learning) could profitably be ‘renewed, "for their practical -potential would

seem even greater than that of inserted questlons and remains re]atlvely untaped '

¢ . «*

(cf Anderson and Blddle, 1975) EA ) & .7

1

1.

B . C s . @ : . *
The main argument developed in this paper, however, has simply been that we
. 4 :
© . ‘ . . » .. 4
need to stop assuming that all of the post-question research findings reported
in.the literature 'can realistically inform instructional practice and. textbook
'design{ Thig is an assumption which continues to be made by most reviewers of °
’ -‘aé @ > &, .
H . o
the field (Qne notable exception is Rlckards, 1979) . That post-questions do-—

enhance Iearning in real s tudy Settings is generally recognized. - Howeber, how

3

they 'do l# and how questions can be taken.best advantage of remains to be :
4 118 Lo

estab]ushed It is my hope that researchers |nterested |n mathemagenics wtﬂk

. N -

becoméiaware of the problem and design future studies so as to seek solufions
o, i :
. . . ;

® _which can'be of relevance pedagogically.
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FOOTNOTE

1. WhHile the.ferm mathemagenics covers a whole host of adjunct aids, | shall

. 7use it here in a restricted sense to cover only adjunct questions.

2.. Melton (1978) also discusses ‘this issue in a paper comparing research on

behav

<

ioral objectives to research on adjunct questions.

.
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- : Postscript: .
Adjunct Questions in Naturalistic Settings

Note: Since writing -this critique of the mathemagenic literature

(about- a year ago or so), I have had occasion to reflect further

L4

. on the problem it raises for the vesearch community and onm what

~

live of research may prove pxomising in the future. Discussion

- ~
of the problem in a research seminar at the American doZZegel has

\ -

-

also been enlightening in speculating about processes underlying

the use of adjunet questions in text processing. This posteript is

meant to reflect these thoughts and speculations. . -

[y

The principal issue raised in the paper is the apparant Iack of

¢

external validity of most of the research on adjunct questions in textjlh\

The basnc argument is that students in real educatlonal settlngs simply

do not study thelr textbooks in the same way that subJects in Iaboratory

»

experlments do. - It is not the dlfference in environment per se which

&

causes the'discrepancy, but rather it is the difference in task orienta-

“tion. In thé usual adjunct question experiment, the student is not allowed
, N L} ’” . . T

to backtract; whereas, in real academic settings, it is plausible to think

that he or she will normally backtrack.

We currently know very little abdut what student

, in.fact, do while

o

7 * o
studying texts and even less abput what they would do fwith texts incorpora-

ting adjunct questions. Hence, the speculative natu

. o

. _ Speculation is often seen as ungroqued, and by so

of the argum?ht.

as not a serious

base on which to rest an argument. This | believe to be a serious mistake

L] - ;Z’

for speculation can and should be an Qﬂg%gﬁl bart of any‘scientific dis- %

» > )

5 : i . c o
o course. Empirical data are only one aspect of the investigation of a
.:h N

[RICC . .

s e .
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7 the crux of the matter. . L
5 .
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‘Phenomenon, and interpretation (which involves speculation) is really |
- . IS . .

\

[t is interestiﬁg, therefore, to consider the. processes which mé&

be gperafive in tbe—zse.of adjunct questions. This is, of course, at .

this qihe very speculative, but | believe it ‘to be important, if only
oo ‘ ~ 3

to map out certain assumptions, thus opening them up for further con-

sideration and critique. What processes might occur then in learning
situations which involve adjunct questions? Or to put it in more collo- ,}

. . \ . -

,quii/ terms; what goes on in a student's mind when he or she encounters !

’

adjunct questions in a text?

There is really little ‘concern with pre-questions, i.e~, questions
. * . : : )
appgafingqin:the text before the paragraphs to which they relate. In

-

éncountering a pre-question, the student probably simply makes a mental v

note of it and continues reading the text. When he or she encounters

the particular information related to the questién, that information is

-

then probably processed at a deepef level than it would be otherwise.

The student pays more attention to the item and possibly rehearses it

.
-

mentally if the item is a factual item.  The pre-question thus séfves

(]
an orienting role--it labels some information to come as being particularly
t. -

important and, therefore, especial ly netention-worthy.q_The learning of

K ~

information not related to the pre-question. (incidental Iearningz) is

1 y ‘
possibly not affected by the question, i.e., it is processed to the same .

extent as it would be if the text had no questions (this is the usual
L 3

Ld

research finding), At times, though, it may be that a pre-question
focuses text processing to such an extent that incidental léarning may

in fact be adversely affected, as is often the case with the use of
J
learning objectives. .
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Our real concern is with the processes which- might Bé actjvated

«

. N - . > . - ./ -
by inserted postrquestions. Consider, the usual experimental situation,

s

where the student is prohibited from ]ookiné‘back at the information ftem‘.

- . . .
-

related. to a post+question he or she encountefs._ What happens? Let me

| . 7 s .
speculate. If the question-is an easy one, the student probably just

-

answers it mentally and reads on. |If the question, on the other hand,

is at all difficult, the student probably pauses and .tries to mentally

recap what was just\read, searching his immediate memory'for an answerl
If the answer is foupd, the student's Iater.;etent}on of i; will be
strengthened. The mental search through memory might also strehgthen
Ieérning of incidental information surrounding the i tem sought.afteftx\
Let me turn now to t@e mos£ intereétipg mathemagen{c effect, the

effect of pbst-qgesti ns on subsequent t processing. This involves

¢

-

an increase in incidental learning ascr the gradual shaping of

a deeper text processing on the part of the student. The interpretation

makes sense: if\the student encounters post-questions which he or she has
trouble in answering, a likely strategy would be for the student to slow

&
down and process better the information which is being read. For the
ett

student knows that there will be further questions and he or she would like

4 -

to be able to answer them. As Rothkopf,has justly stated, "'mathemagenic
-~ N

.

activities are adaptive . . . they can be altered byAtheir consequences'!
P

(1970). .

That is so, but as was argued in the paper, only inasmuch as the

¢ .

student is not permitted to backtrack! Consider now the student in a

¢ .

naturalistic setting (say a college §tudent reading a textbook) who en-

. ed ’
counters a post-question in his.text. In this situation he can review at
will. What is likely tg\happen? An easy question will simply get a quick

» &

.«

. | 18 .

8




v ) . _ L
. ~ * . RN
mental response. A difficult question will probably elicit an attempt -

2 a

to mentally recap what was read, with a goncomittant potential increase
“»

in incidental learning and a strengthening of the answer as well if

it is found. Wf the answer is not forthcoming from memory, the student /

‘ will most probably backtrack and seek it out in the text.3 The' informa-

N ~ .

-

tion related to the question %ijl in either case bejbetter processed than
it would have been othérwisa. gThe degree to whi ch incidental information
will be more deeply processed will most probably depeﬁd on how ﬁa;d the
student mentally searches for the answer t; the post-question before

giving ﬁp and seeking it out in the text. The nature of this search

(mentgl only versus mental and physical), therefore, constitutes 'the first
4

process difference between the usual experimental situation and the

P

) o ) ) - v
naturalistic one. .

>

) ‘ . . : o . .
: The crucial differgnce, however, relates to the adaptive nature of

» .

. mathemagenic activities. In a natural settirng,-wil) post-questions gradually

shape deeper text-processing strategies? | believe the a@ to be no.

Why not? 'Quite'simﬁly because thgre is little challenge in it fon'thé

student. He kﬁows, of course, that further questions wills be éncountered,
, v ‘ . -
but he also knows that if he gets stuck, he will be able®to backtrack and

v

find the answer.- There should, th;refofe, be little concern for him to &%

N I '
. make the extra effort to process the text more deep1V,.and hence more

——

’ slowl§ if not alsogore arduously. Incidental learning should, therefore, _
bé no more increased than in é situation without post-quesgions. At least,
o 'n?t because of an; shaping phenomenon. .
\ ) It is here in this gtrategy trade-off that | b%lieve we find the real
. difference betwed@ the axpé;jmental research and n;turalistic studying. In
’ L th; latfer setting, poiéfquestibn; can actually become pre-questions, at
least Sre-qUestjons to a physigal‘review of ‘the paragraphs related to them.
] o .. . ‘ \
n © . . )
" | Q . ' ;15) . .
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This indeed is “essentially why researchers have instifhted the unnatural

prohibition to backtrack. The consequence of this, of course, is that

1

their results may be due in a large measure to this experimental artifact,

. 4
and not‘as generally supposed po)inygshaping process of the reading

. >

strategies of the students. ) . . .

Once again, the analysis of méthemagenics sjust described is highly

speculative. I|f the reader agrees-with its logic, however, there should

- ~

\

) x
be some concern over the course of this research endeavor in terms of its

*
<>

pedagogical applicability.

.| believe the area of questiohning during reading to be a highly

* .

important one, one which.needs to be reconceptualized as it were, as well

as being further subjected to empirical scrutiny. 'While'thg type of

research needed may be difficult to undertake, sincé naturalistic reading

’

.is such a private process, the ecological imperative ould'always form

’ “w
Natte . :
part of the framework 'of such research. Tt is only then that we shall
S v

find applicable answers to real problems. .
The ecolégy of question usage. ) .o T
*_ What | have considered above are possible (and plausible) processing

~ e

strategies: which a learner might typically engage in upon encountering

inserted questions in text.! It would glso be profitable in examining

-
’

this issue to consider practicalities of using questioﬁ§ as'instructional

aids, i.e., to examine the issue from the perspective of the instructiona

designer. After all, very few instgﬁctional texts actually make use of

inserted questions, in a way which parallels their use in the prose passages *'

emploxgg in research. ‘ . -

YA
To be sure, many textbooks employ questions as adjunct learning aids. -

-

. h . 8
However, these are usually not ‘inserted in the prose text .itself, but

rather they appear at the end of chapters. This question usage thus

-

-




-

constitutes a rather different ecoJogy than the one involved in the

: ~

>

mathemagenic situation. It gives the questions the character of a

-
] >

. . . .
quiz, or that of review exercises. It is doubtful that such question
— -

usage would have any shaping effect ih';erms of subsequent text pro-

cessing. < e o ‘ . .,
Another situation 1n wh|ch questlons-are commonly used is in study .

guides whlcn accompany textbooks This, in fact, is. merely another var?ant a3

\

of the questions at- end of chapter form of |nstructionai design,ﬂkith ‘the

By

-

- .
g
-

same ecology as this latter usage. ~
One‘area‘'in which questionsﬁire often interspersed in text is. in
oo ' . . .

distance-teaching materials. The_ Open University in Britain, which

’

prepares all of its own instructional materials, mak§§ heavy use of insered
\

post-questions, which it calls Self- Assessment Questions (SAQs)h The *

student is requested to mentally~tonstrunt an answer to them before seeking

confirmation as to its correctness. The d|st|nquish|ng feature- of these
"questlons, however, and‘ that which sets them apart ecologically from
mathemagenic questions, ils the fact thateanswers to these SAQs generally'
appear at?the end of the text. The student, Iherefore,-need not return
{o.the text to search out an answer. It is doubtful, fdrthermore} for

reasons discussed belowf that subsequent text processing is shaped bj®

- \
the consequences of s or her question-answering.
Let us consider processing once again, this time in terms of a

Ton
functional analys4s of adJunct questlons. Ihe current concept of ‘com-

a 3
. ¢ ’
prehen5|on moni toring can be,made good use of here.5 The express purpose

of Self- Assessment Questlons is to give the student” an opportuni ty to

monitor hl) or her comprehension of the text, g,nd;if i't is found wanting,
%

to reprocess those parts of it whichima§ need it. The same functlon is

served by end -of - chapter quest|ons and’ by study QU|de,quest|ons. The aim

¥
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is to lead the student to process.more deebly those parts of the text
? . -] A b .
which were not sufficiently processed iw the, first reading of the text.

) R v .

The direction of processing is thus retroactive, and not proactive (i.e.,

it is a quéstion of re-processing rather than one of deeper pfocessing

e

v
Fad

of subseguent material). ‘

’ Now it may seem Plauslgje that a studenY—Who is not able to answer,
many’of the inserted questioﬁs he or she,encounte;s willgrealize that hé ¢
'S <N, . - .
or she i simply going.tog fast fi:e., not processing the text deeply
. \ ., ¢ . .
enough). -This, in turn, may Ieadathe student toaslow down and thus better .
= s -

"process subsequent textual mater[al. This mays be the case to some extent

(which would somewhat vindicate the mathemagenic approach)/ although I

belleve it to be’ largely unlnkely -

3

To understand why, we need to:now consider the issue from yet another

o

perspective, that 'of the student. We need to examine task orientation from

the student's point of v1ew and thus-consider the ecology of studying.

0 ©

Coléeye studénts study rather dlfferently than school children though

so we, need to.examine each |ﬁ]turn.»

.

Consider the college “student studying a textbook for one of his or };}
2 . o

her courses. What' ififluences impinge ;pon his or her study behavior? * For,

one, there is the desire to succeed i.e., to master the material in the

LI §

text. Th|s or|entat|on should lead to deep processing,. to good compre=- »

7 ’

hension monltorlng, and to sIower and® deeger processnng of subsequent

material if mOnltorlng reveals inadequate pr£e€§singi However, thefe is

-

anothér big influence on study behavior which can severély limit this

: - - .
first orientation, namely the constraint of time. Study time-is usually

»

in short supply for the college'st}-d,ent‘ahd he or she will often adopt the

»

easiest 'or quickest strategy of text processing ‘in order to master the

material. What would thfs-strategy Iikeiytbe? Probably anvinitial pro-

¢ . 1




cessing of the text, followed by comprehens!oh monitorlng through adJunct

g l
questlons, followed by maklng up for mlsunderstood information on the basis

of the monitoring. In other words, it is 5|mpﬂy easier (and more efficient
‘ T

. ) b : s .
from the student's pérspective) to process ithe| text lightly initially and
. , .

then to'go back to it afterwards jf need b% than it would be to process

-

the text more deeply. When tlme is scarce, deep processing becomes a

luxury which the student may w;]l feel ;\\br she ‘cannot afford Thus,
| ) . oJ
the mathemagenic shaping of deepET processing %ould seem like a theoretical
G .
ideal, although one which is probably not realfz in bractice (other than
’ -

in artificial experimental situations as*was, argued, in the p.Bper).6

- . . L
What about the school child who is studying a text in class. Here
-

L4

. H . . " 4 r
the time constraint is presumably negligable. It may, therefore, be

possible that adjunct questions would lead to Heeper subsequept processing.

“Hdoubt it, however, for school children are poor monitors of their com-

<

prehension and probably even poorer strategists. | would guess that if
they did use the i?junct questions to monitor ﬂheir~undeﬁstandin§, they

- \ . v
would follow the same strategy as that of the older student, i.e., repro-

cess unlearned parts of text as needed.

- v

.. -
I's there not a typcial student, though, say in jurmior high school,
who,may study in an ideal manner, i.e., adapt his or her text processing
3 . ‘ . . )

depth of subsequent text as a function of'cowprehension monitoring? Possibly,

although | doubt this type of student would, in fact, be very common.’

We are, therefore, Jleft with the following conclusion: what seemed

like a-good idea on theoretical grounds (the shaping of depth of procé%sdng)‘
L ' €

‘may well he very impracti?;i{in real educational settings.

~

&«
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Designing adjunctfguestions.

While the tone of the paper,as well as that of this postscript,

\
is very gritical of mathemagenic research, it must not be‘inferred that

.<we should disdain the use of questions in text: Quite to the contrary.
. > - &
u It is the theoretical interpretation and its underiying.procedural para-

- , L}

digm that | am disagreeing with, not the use of questions as learning aids’

[y

Interest in adjunct queétions has largely been due to ‘their indirect

effects as revealed in the reseérch, i.e., to their potgntial to enhance
incidensal‘learqing: Their direct effects (enhancement of ques}ioﬁ-;eléted
. learning) are taken for granted, as”indged'they should.Be: The case | have
grgueﬁiin the paper is that we should seriously question our curnenttbelief
that we have happened upon this exciting new way to geneﬂngy enhance

learning, as opposed to enhancing it only selectively.’ in other:gords,

&

the use of adjunct questions in real settings probablx wouwdd not enhance
- )

iﬁcidental‘learning. This point of_ view is generally not recognized in
the research community and we continue to marvel at the iggirecfﬁeffects.

&
s ' ) ) . A 4

of questions. ,
! » R .
_,/ 1 believe there is a fundamental misconceptidn here concerning the

. © .

design of, adjunct aids for use in instructional materials. The conception

. Ay

: <
.. seems to be that if only a sampling of the ideas {n$§~text are questioned,
. . <3,

L

we will nevertheless enhance the learning of many of the other ideas as
N it - “~

N “y
well, in addition to that of the questioned ideas. Anderson and Biddle c o

(1975) speak of the importance of th indir!ct_efféets in these terms, as

.

did Rothkopf in his semiﬁal paper in the area (1970). . But why, sample?

7

A
¥ ‘Why not question those ideas which we feel are essential for the student

A 3 * .
to remember and let him forget the rest?

That may sound like a harsh statement . . . '"forget the rest". |t

does not sound like anything one would recommend if the goal were to optimize

.
< v

.
.

"‘o'" . - B
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R . .
learning in a given situation. That is trie if we view learning, as we
- e .

ofteT do, as the accumulation of knowledge, and indeed as the accumulation

of as much of it as is possible. | would suggest that this view is limited./

. . !

The student is not some kind of storage bin to be filled up with all the

v
~ ’ )
-~

-“ . * . . . .
- - information we present to him or her in ? text. A better view is that of

learnjng-as a selective accumulation of Pnformation. In other words, we

’

would like the student to retain the main points, of a text, or the facts

‘that we otherwise jﬂdge to be importanif We really want him or her to .

A

selectively process the fo;matlon in a text. Unselective deeper pro-

cessing thus becomes non- OpE\mal especnally when we consider the C\SStralntg

>
.

of time, as we always must.
a It is esSentially for selective processing purposes that we prov{de
2
- LR 4 . . ‘ .
students with learning objectives (when we do so). It should also be for

that reason that we provide students with adjunct questions. ﬂg;h ebjec- .

“

e K

¢

tives and inserted QUestlons cue the student as to what to concentrate

.

on, i.e., what to process deeply.

a

’

If we accept this selective processing view of optimizing learning

in real settings, the enhancement of incidental learning fully loses its
perceived importancg-fiqrfact it becomes detrimental._ It becomes detri-
i 4 , .
' mental when we View the student as an individual with some finite capacity

»

X -
wi tt%¥n some finite time. Within some’period of time, we could have a

°

student #earn everything in a text (essentia) elements and incidental ones
- . ‘ . .
as well), or we could have him or her learn only the essential elements

within the text and then learn the essential elements in another text.
< )
Teaching is selective, and so must be learning.

- The jnstructiogal designer must thus decide which points in a text
€ - .

‘ J

are the .most |mportant ones and then he should questlon those. Adjunct

questlons should have direct effects, not indirect ones. ] . -

ERIC o <5 , /
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Research Avenues s ° I .

- -

¢
= iven that most of the past research on inserted questions is suspect

[4

in terms of its appllcablllty in real academic settlngs\“and given that

research on questlons in teXNis an important research problem what .
. —

d|re§t|0n should gh;s research take? A numbér of p6§5|b|l|ties ;ge open
. ,/‘(.

to us. . - L . ' :
LY - * -

\ - .

-One tempting approach Ts 'to ‘éxamine the.ecologiéal problem discussed s

., - N -

in the paper directly. This would involye an experimental comparison of

\

post question effects under the traditional c0nstra|nts (no backtrackln%m. .

'

permltted) and undeg more natural® constraints (backtracklng perm|tted)

The hypothesis to be tested would bé that mathenmagenic effects (enhancement
%
‘of incidentdl learning) would occur in the first condition, but not in the

- * [y

second. A study along these lines which' | conducted myself some months\ago

was.unsedcessful, possibly due to a lack of experimental(EontroP LThe .

by 3

) ﬁudy failed to flnd mathemagenlc effects |n £ither cond|t|on and no com=- )

’

L ERIC
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-

parison can therefore be made.8 The case, therefore, remains to be made AR TSN

-empirically. Suchfa/study would certalnly lnform the maln issue discussed
in the paper (by either supporting the argument or coﬁtradicting it). T

Another research approach, one which is much more important |
-feel, is to examine reading and stddy behaviors of students as they process - .
T . ¢ \ - - - -
text. The challenge, of course, is to-devise ways in which this tcan be—a

done unobtru5|vely, wi thout d|sturblng or artnfncnal“x<ng the processes t

being examined. We need to find out how students actual]y go aG%ut proféz s
» . .
cessing text, what they, do when they encounter an inserted qgestion, and
Iy H . N v z .
so on. Aftempts in this direction appear to be few-and still relatLve]y‘

t : .Al ,. ‘ . . {'(“

unSOphésticated. Devices whigh monitof a student's reading activity, such

’ N
- N « »

.+ as the reading recorder developed in Britain (Thomas and Algstein, 1??2; C .

‘

Whal, and Fleming, 1975) may show promise if further developed. Computer

2 - o * - ~
° l ' k- . % .

k!
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presentation of text on a video terminal may also be appropriate (e.q.,

‘O
Alessi, Anderson, and Goetz, 1979), as might also be eye-movement moni -

tors. The task before us is to find ways to monitor reading activities

- .

without dfastically chénging=the ecoloéyn -the situation.

.

Yet another approach is to get student reactions to their use-of

questions in text. This could be done eitRer through surveys or debriqfing

.

interviews following reading. Examples of the survey approach are studies
by Nathénsgg (1978) and Duchastel and Wh}tehbad (1979), which attempted to
find out ihe e;tent té which Open University students in Britain actually

made use of the Self-Assessmént Questions they encountered ,in their texts.

The dangef of this approach, of course, is that students may not themselves

in fact know what they do, even though they may feel that they do know. N

\

Examining one's own reading strategies is a demanding task. |, neverthe-

less, feel that getting the student's view should be an important aspect

I3
[y

" of the reséarch on queﬁtions. Not only what a.student does, but why he or
. . .
she does it, can certainly assist in helping us explain what is going on

during reading.” I
In conclusion, the rigorous approach which censtitutes .the experimental

studies of adjunct questions needs to be complemented By the less reliable
.but more insightful one offered by observation.and analysis. The mis-
&}

direction ofEadjunct question research discussed in the paper would seem to" -
B . &

2

certainly Support such a view.

Finally, we neéd to further critically review the assumptions about
. learning which hnderpin our research strategies. If a view of learning
as selective ‘processing is favored, then we'should perhaps emphasize research
. ;

on the direct:effects of questions (as Anderson and Biddle, 1975, have done)

v

‘ L‘ . . . . !
and be less-concernedswith their indirect effects,

- ERIC : : .
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Postscript footnotes:

v

4

1. The initial paper was written while | was at the Open University in

Great Britain. -

\\

2. Incidental learning is a technical term commonly used to refer to the
learning of information not related to an adjunct aid such as a fearn}ng

objective or an adjunct question. Its incidental status is only tech-

< -

1.,, nically ascribed and need not correspand to a.lower level of actual im-

LS

portance i& the text. This issue is explored later on’in the postséript.
3. An assumptum1nwde here, of course, is that the question fs perceiveq

as important, ogherwi5e it wili simply be skipped, and not recalled

later on. - : .

: ‘ I

k. It also sometimes makes use of what are labélled In-Text Questions (ITQs).
E S

These are generally questions which either expand on the subJect matter ar

- e

attempt to .increase student motlvatlon by getting the student to think

o

out some problem prior to phé discussion of it in the text. They, there-
’ v >
fore, share some of the character of pre~quest|ons, although they are- .
N

‘ - probably better thought of 3% as rhetorical questions which are explncntly
- labelled. - . ) a

’ 5. Rehearsal monitoring is another form of monitoring wherexihe information.

to be learned is factual information. The present analysis applies to

o, both comprehension‘and rehearsal monitoring, although | shall refer
solefy‘fo the former in this discussion for the sake of brevity.

6. The situation would be even further complicated if we céng?dered other -
influences 6p study behavior, suéh as interest in the topic, the perceived
relevance of(the questions, etc.

7. The parallel to the idea of sampling in test construction is evidenﬁ
here.‘ The conception wgrks fine in testing (within Iimits),:but not

well in learning. R -

X
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8. The report of this study, entitled Mathemagenics and Review Constraints,
. . is available in mimeograph form from the author. .
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